Background/Objective: Moderate alcohol consumption has beneficial effects on survival. Sex differences, however, have been suggested implying less beneficial effect among women. We examined the impact of alcohol consumed on weekdays and at weekends, respectively, on risk of death among women. Subjects and methods: At baseline in 1993, a total of 17 772 female members of the Danish Nurse Association completed questionnaires on alcohol intake and other lifestyle factors. The influence of alcohol intake on risk of death was analyzed using Cox proportional hazard model. Results: Alcohol intake of 1-3 drinks per week was associated with the lowest risk of death. Intake above six drinks per weekend (Friday through Sunday) increased risk of death from all causes by 3% for each additional drink consumed per weekend (corresponding to an increased risk by 9% per drink per weekend day). Consumption of one or more drinks per weekday (Monday, Tuesday, Wednesday or Thursday) increased risk by 4% for each additional drink consumed per day. Conclusions: The results indicated an increasing risk of death for intake above six drinks per weekend and of one or more drinks per weekday.
Introduction
Several population studies, predominantly among men, have shown that light to moderate alcohol intake is associated with a reduced risk of death from all causes. This reduction in mortality is primarily due to a reduced risk of cardiovascular death (Dyer et al., 1977; Blackwelder et al., 1980; Marmot et al., 1981; Kittner et al., 1983; Gordon and Doyle, 1987; Boffetta and Garfinkel, 1990; Thun et al., 1997; Bagnardi et al., 2004; Di Castelnuovo et al., 2006) . It has been suggested that drinking pattern such as drinking frequency and binge drinking affect the impact of total alcohol intake on risk of death. Drinking frequency may affect the association between alcohol intake and risk of death, as non-frequent drinking has been suggested to increase risk of coronary heart disease (McElduff and Dobson, 1997) . Binge drinking, defined as heavy drinking occasions, is associated with a higher risk of coronary heart disease for men and women (Rehm et al., 2001) . A study among men suggests that weekend drinking increases risk of heart disease, compared with consumption on weekdays (Trevisan et al., 2004) . Only few studies have been conducted on the health impact of drinking pattern among women (McElduff and Dobson, 1997; Tolstrup et al., 2004; Trevisan et al., 2004) . A Danish study indicates that women are more sensitive to the apparent detrimental effects of non-frequent drinking, compared with men (Tolstrup et al., 2004) .
The aim of our study was to examine the effect of weekend-versus weekday drinking on risk of death. This was carried out in a large cohort of Danish female nurses by examining the impact of alcohol consumed on weekdays or at weekends.
Methods

Study population
The Danish Nurse Cohort Study was established in 1993 by mailing questionnaires to all female members of the Danish Nurse Association above 44 years of age. In total, 23 170 nurses received a questionnaire and 19 898 nurses (85.9%) replied with a completed questionnaire. The questionnaire included detailed information on health-related issues, including alcohol intake, smoking habits, physical activity and body mass index (BMI). The study has been described in detail in previous publications (Hundrup et al., 2000) .
Exposure
Participants of the Danish Nurse Cohort Study were asked about their consumption of whole bottles of beer, glasses of wine and glasses of spirits the last weekday (Monday through Thursday) and the previous weekend (Friday through Sunday). The participants were also asked if their reported alcohol intake was typical for their usual alcohol intake. One normal beer in Denmark contains approximately 12 g of alcohol, which is considered to be the amount of alcohol in a standard drink of both wine and spirits. Subjects were classified into seven categories according to their total alcohol intake of 0, 1, 2, 3, 4-5, 6-7 and more than 7 drinks consumed last weekday and 0, 1-3, 4-6, 7-9, 10-15, 16-21 and more than 21 drinks consumed last weekend. Women not consuming alcohol last weekday and last weekend were defined as non-drinkers. The categorizations of alcohol consumption were partly based on a sufficient number of cases in each category and according to the Danish sensible drinking limits, which is 14 drinks per week for women. A total weekly alcohol intake was estimated combining the weekday and weekend consumption (the weekday consumption multiplied by 4 and added to the weekend consumption) and categorized into 0, 1-3, 4-7, 8-14, 15-21, 21-27 and more than 27 drinks per week.
Covariates
Smoking status was categorized into never-smokers, exsmokers, occasional, current smoker of 1-14 g and current smoker more than 14 g of tobacco per day. Categories of leisure time physical activity were sedentary, light (more than 4 h per week) and moderate to heavy (more than 4 h per week competitive exercise). BMI was calculated as weight Follow-up Subjects were followed from date of entry into the study defined as the date when the questionnaires were mailed, to date of death, emigration or end of follow-up, whichever occurred first. The vital status of the women was followed by using each subject's unique identification number in the National Central 
Statistical analysis
We used Cox proportional hazard model for left-truncated and right-censored data in the modelling of time-to-death outcomes by using SAS/STAT statistical software (SAS Institute Inc., 2001). We estimated the relative risk (RR) of alcohol intake in relation to mortality, while taking potential confounding into account. The nurse's age at study entry was used as delayed entry time in the analysis. This methodological approach allows for sufficient adjustment for the effect of age. To estimate risk of death associated with total alcohol consumed during the week, and at weekends versus on weekdays these regression models were conducted: 1. We estimated the influence of total weekly alcohol consumption in drinks (0, 1-3, 4-7, 8-14, 15-21, 21-27 and more than 27 drinks/week), 2. We estimated the influence of total alcohol consumption in drinks on weekdays (0, 1,2, 3, 4-5, 6-7, 47 drinks/day) and weekends (0, 1-3, 4-6, 7-9, 10-15, 16-21, 421 drinks/weekend), included as separate covariates in the same model, 3. Linear tests for trends were carried out among the women consuming alcohol (not including the non-drinkers) because studies have found non-drinkers to have an elevated risk due to other health-related lifestyle traits than alcohol consumption. It was testes if a model of mean values of alcohol intake for each category fitted the data better on a 5% level. If the model fitted the data better the alcohol intake was included as a continuous variable and the trend was estimated.
Information on abstainers and ex-drinkers were not available. Therefore, we did not choose the category of non-drinkers as reference. We adjusted the analyses for the potential confounding of smoking status, BMI and physical activity.
Exclusion was made if information was missing on questions concerning alcohol intake (n ¼ 798) or cofounders included in the analyses. Some women fulfilled more than one exclusion criteria leaving 17 772 women eligible for analyses on all-cause mortality. Furthermore, for analysis of cardiovascular mortality exclusion was made if women had diagnoses of cardiovascular disease before baseline. This was carried out to avoid bias caused by classification of women into the lower drinking categories, who had changed their alcohol intake before baseline because of high risk of cardiovascular death. The information on admissions for cardiovascular disease before baseline was obtained from the Danish National Hospital Register through a linkage to the subject's unique identification number in the National Central Person Register. Thus, 15 412 women were eligible for analyses regarding cardiovascular mortality.
Results
The participants were between 44 and 93 years of age (median 56). A total of 3277 (18%) were non-drinkers, not reporting any alcohol intake at all. Thirty-two percent of the women (n ¼ 5671) who had an alcohol intake did not consume alcohol during the weekdays, while 3% (n ¼ 603) did not consume alcohol last weekend.
Non-drinkers were older and more likely to be nonsmokers than women consuming alcohol on weekdays or at weekends. Women who consumed alcohol at weekends were younger, more often non-smokers, and more physically active, compared with non-drinkers and weekday-drinkers. The fraction of non-smokers decreased as alcohol intake increased (Table 1) .
During follow-up a total of 1975 died (mean follow-up: 10.4 years) and 302 died from cardiovascular disease (mean follow-up: 5.6 years). Exclusion was made if information was missing on exposure or covariates leaving 1674 deaths and 185 105 person-years of follow-up for analysis of all-cause mortality. In the analyses of cardiovascular death exclusion was also made if women had cardiovascular disease before baseline leaving 152 deaths from cardiovascular disease and 84 768 person-years of follow-up.
Alcohol consumed weekly and risk of death We found a weak J-shaped association between weekly alcohol intake and risk of death from all causes (Figure 1) . The nadir of the association was at intake of 1-3 drinks per week. The association between weekly alcohol intake and risk of cardiovascular death was J-shaped with the nadir of the association at intake of 8-14 drinks per week (Figure 1 ).
Alcohol consumed on weekdays or at weekends and risk of death There was a J-shaped association between alcohol consumed during the weekend and risk of death from all causes. Women consuming 7-9 drinks per weekend had the lowest risk of death ( Table 2 ). The weekend consumption was estimated combined (Friday through Sunday), thus consumption between 7 and 9 drinks per weekend approximately corresponds 2-3 drinks per weekend day. Beyond the consumption of six drinks per weekend a linear increasing RR of death was found by 1.03 (95% confidence interval (CI) 1.00-1.06) for each extra drink consumed at weekends (corresponding an increased RR by 1.09 per each additional drink per weekend day). The association between alcohol intake on weekdays and risk of death was increasing linear for intake of one or more drinks per day (RR ¼ 1.04 (CI 1.02-1.07)). This was consistent before and after adjustment for smoking status, BMI and physical activity. All of the covariates were significantly associated with all-cause mortality.
We were not able to detect associations between weekend or weekday consumption, respectively, and risk of cardiovascular death, perhaps due to the low number of cardiovascular deaths during follow-up (data not shown). Tests for linear trends were not statistically significant. This was consistent before and after adjustment for smoking status, BMI and physical activity. All of the covariates were significantly associated with mortality from cardiovascular disease.
Discussion
Previous studies
The results of three cohort studies conducted among a large number of women, The American Nurses' Health Study (Fuchs et al., 1995) , the Cancer Prevention Study (Thun et al., 1997) , and a cohort study of participants from Kaiser Permanente (Klatsky et al., 2003) , are in agreement with our findings that low levels of alcohol intake tends to be associated with a decreased risk of death from all causes and cardiovascular disease. In the American Nurses Study 1-3 drinks per week was associated with the lowest risk of death from all causes and cardiovascular death, whereas nondrinkers and drinkers with higher intake levels was associated with increasing risk (Fuchs et al., 1995) . The Cancer Prevention Study reported the nadir of the risk estimates at an intake of seven drinks per week both with regard to allcause mortality and cardiovascular disease (Thun et al., 1997) . The study on women from Kaiser Permanente found intake of less than seven drinks per week to be associated with the lowest risk of death and an increasing risk of death from all causes and cardiovascular disease among women drinking above this limit or more rarely (less than one drink per month) (Klatsky et al., 2003) . A recent publication concludes that alcohol intake of up to two drinks per day is inversely associated with risk of death among women (Di Castelnuovo et al., 2006) . Perhaps the different results regarding the average volume of alcohol intake associated with the lowest risk of death are explained by the effect of various drinking patterns.
While the multivariate models adjust for differences in the approximate total amount of alcohol consumed during the week, this analytical approach does not take into consideration the amount of alcohol consumed in each drinking episode. The increased risk among weekend drinkers who consumed above six drinks per weekend might be caused by higher alcohol concentrations in the gastrointestinal tract, and in the blood, as the weekend drinkers perhaps consumed more alcohol per drinking occasion than did drinkers on weekdays. This could lead to an enhancement of the harmful effects of alcohol, including alcoholic liver disease and upper gastrointestinal cancer. The impact of alcohol consumption on weekdays or at weekends has only been addressed in few previous studies (Haapaniemi et al., 1996; Bråthen et al., 2000; Trevisan et al., 2004) . The studies indicate that the Cardiovascular death Figure 1 On a logarithmic scale the RR of death from all causes and cardiovascular disease is shown in relation to intake of alcohol in drinks per week. The logarithmic risk is set at 0.00 for subjects who drank 1-3 drinks per week. Adjusted for age, smoking status, BMI and physical activity. RR, relative risk.
drinking patterns are different on different days of the week. One study among men and women aged 16-60 years find that recent drinking of alcohol were associated with onset of brain infarction during weekends and holidays (Haapaniemi et al., 1996) . One study investigated the impact on risk of myocardial infraction (Trevisan et al., 2004) . Although, the study was conducted among males aged 35-69 years whom might not be comparable with our cohort of older women, the increased risk of myocardial infarct associated with weekend consumption, is in accordance with the findings in our study of an increased all-cause mortality associated with weekend consumption. That alcohol intake above six drinks per weekend increases risk of death by 9%, for each additional drink consumed per weekend day, may be an indirect effect of an increased risk related with binge drinking during the weekends. On the other hand other risk factors of death related with weekend drinking might explain the findings of a detrimental effect of weekend intake above six drinks per week. Unfortunately, our data did not allow us to dig into the explanations for the potential differential effects of weekend versus weekday drinking and further studies are needed to reveal the underlying causes for the effect of various drinking patterns.
Strengths and weaknesses
The present study is based on a large population of Danish female nurses with a large number of deaths during followup and a good response rate at baseline (86%). Selection due to loss of follow-up did not influence our results because there was a complete follow-up for the end points through the linkage to the national registers. As a result of the prospective design, recall bias is unlikely that is, all data on exposure were collected before the end points occurred. However, the information on consumption of alcohol intake was reported only once, and this was used as an indicator for the general level of exposure to the substances. This provides a risk of misclassification of subjects who changed their alcohol consumption during the follow-up period. On the other hand, the follow-up in this study is shorter than that seen in most other epidemiological studies. This means that the information on alcohol intake given by the participants at baseline probably describes more accurately the factual behavior of the subjects at follow-up in the present study. In this study, we used alcohol consumption reported for the latest weekday as a proxy for alcohol consumption on all other weekdays. A decrease in reported alcohol intake has been found with increased recall period, which indicates problems in correctly reporting alcohol intake for a full week (Ekholm, 2004) . However, it is possible that some misclassification of weekly alcohol intake is present in our study due to the crude measure of weekday alcohol intake used at baseline. Therefore, we examined whether the associations under study were altered if we excluded the participants who reported that the alcohol intake was not typical for their usual alcohol consumption. The associations were not altered, which indicate that our results are not biased by non-typical alcohol consumption. Self-reported alcohol consumption may be biased if heavy drinkers are more likely to underestimate their true intake of alcohol than light and moderate drinkers. Such underestimations have a tendency to produce or strengthen any association of lower risk from lighter drinking. This would also occur if ex-drinkers were likely to stop drinking because of symptoms of illness leading to a spurious increase in risk among non-drinkers. Thus, the J-shape between weekly alcohol intake and risk of death from all causes may be driven by a misclassification of heavy drinkers and ex-drinkers into the category of nondrinkers. Furthermore, in our study, the occasional weekday drinkers may be falsely classified into the category of nondrinkers, in case the week they reported on did not include a week where they did drink alcohol. Altogether the risk of death associated with the non-drinkers may be partly caused by the increased risk among prior drinkers and partly caused by the risk among occasional weekday drinkers. Owing to the uncertainty regarding the nature of the non-drinking group, we did not choose this group as reference.
Drinking pattern in relation to all-cause mortality is an outcome of relevance for public health purposes, because it constitutes a scientific basis of balancing the detrimental and beneficial effects of alcohol intake. However, this population of nurses may not be representative for the whole female population. The observed number of death from myocardial infarction in this cohort of nurses was only 65% of the expected occurrence of death due to coronary heart disease (unpublished results) and the nurses seemed to consume higher amounts of alcohol than the general female population (Hundrup et al., 2000) . Our findings need to be explored in other study populations, because they may have important implications for the kind of advice given to both patients and to the population at large with regard to drinking habits and their relationship with health.
In conclusion, intake of 1-3 drinks per week was associated with the lowest risk of death. Among women who consumed alcohol, an increasing risk of death was found for intake above 6 drinks at weekends and of 1 or more drinks per weekday. Further studies are needed to confirm these observations and to identify the potential mechanisms by which weekday versus weekend drinking may influence survival.
